Metrizamide-enhanced computed tomographic (CT) myelography has made it easier to define the relation of the spinal cord to the vertebral canal. A flexion-extension metrizamide-enhanced CT technique has been developed to study the craniocervical junction that refines evaluation of the relation between the spinal cord and the foramen magnum, atlas, and axis. This technique was used to study 15 adults who had had a structurally normal examination of the upper cervical cord and foramen magnum. The average movement of the upper cervical cord was shown to be 1 mm. The advantages of the flexion-extension metrizamide-enhanced CT examination were evident in 10 other patients who had a variety of craniocervical junction pathologies.
Assessment of Craniocervical Junction and Atlantoaxial Relation Using Metrizamide-Enhanced CT in Flexion and Extension
D. Osborne,' P. Triolo, P. Dubois, B. Drayer, and E. Heinz
Metrizamide-enhanced computed tomographic (CT) myelography has made it easier to define the relation of the spinal cord to the vertebral canal. A flexion-extension metrizamide-enhanced CT technique has been developed to study the craniocervical junction that refines evaluation of the relation between the spinal cord and the foramen magnum, atlas, and axis. This technique was used to study 15 adults who had had a structurally normal examination of the upper cervical cord and foramen magnum. The average movement of the upper cervical cord was shown to be 1 mm. The advantages of the flexion-extension metrizamide-enhanced CT examination were evident in 10 other patients who had a variety of craniocervical junction pathologies.
Metrizamide-enhanced computed tomographic (CT) myelography has increased our ability to define the relation between the spinal cord and vertebral canal. We present a simple flex ion-e xtension technique to evaluate the craniocervical junction that refin es analysis of the relation between the spinal cord , foramen magnum , atlas, and axis.
The anteroposterior (AP) fle xion-extension rang e of the occ ipitoatlantal junction is 13 0 and th e atlantoaxial junction 10 0 [1 , 2] . This relatively limited range of movement means that the vertebral canal can be evaluated in fl exion and extension in its true tran sverse axis with the gantry tilt available on most CT scanners. In o ur stud y we aligned the gantry perpendicular to the vertical axis of th e dens and body of the axis on flexion and extension.
In 15 adult patients who showed no evid ence of vertebral canal pathology , fl ex ion and extension metrizamid e-enhanced CT studi es were performed to determin e th e normal relation between the spinal cord and upper cervical vertebral canal. Ten patients with cran iocervical junction pathology were also studi ed to evalu ate th e effect of fle xion and extension on the dynamics of th eir pathology.
Subjects and Methods
Normal studies of adult patients were obtained after a normal cisternogram or cervical myelogram. The patients were placed supine on the CT scanning table with the head in maximum comfortable extension . A ScoutView was obtained and the gantry tilted to be perpendicular to the vertical axis of the body and dens of C2 ( fig . 1 ). Back-to-back serial 4-or 5-mm-thick slices were obtained from the lower border of C2 to the margins of the foramen magnum . The study was repeated after the patient ' s head was placed in maximum comfortable fl ex ion . After setting an appropri ate window [3] measu rements were made in both examinati ons from th e anterior margin of the spinal cord to : th e posterior surface of th e body of C2; the posterior surface of the dens; and th e anterior margin of the foramen magnum ( fig . 2) . A measurement was also made between the posterior surface of the anterior arch of th e atlas and the anterior surface of th e dens. Th e differences betwee n th e measurements on fl exion and extension studi es were noted. Ten pati ents with c ranioce rvi ca l juncti on abnorm alities were similarly studied. These patients' disease processes in c luded spontaneous atlantoaxial subluxation, rheumatoid arthriti s w ith atlantoaxia l sublu xation , basilar invagination, and th e Chiari malform ati on .
Results
In the normal group , the spinal cord was shown to move 1 mm (rang e, 0-2. 5 mm) between fl exion and extension in th e supine position . There was no significant difference between th e measure- In th e abnormal group, any compromise of the vertebral canal was exaggera ted on fle xion , especially in those pa ti ents with a sublu xat ion. Th e movements of th e spinal cord were , however, not significantly increased over the normal range. In those patients with a Chiari I malformation and those with basilar invagination no movement of the spin al cord was observed.
The advan tages of the technique in displaying the dynamics of the abnormal c raniocervical junction are demonstrated in figures 3-
.

Discussion
Jirout [4] stud ied spin al cord movement using air myelography. He calcu lated an average sagittal plane spinal cord movement of 3.1 mm at C1 and 2.4 mm at C2 in patients whose position had been c hanged from prone to supine. At these levels we were able c ments were atso made between posterior surface of anteri or arch of attas and anterior surface of dens (arrows). to detect in our normal patients an average movement of the spinal cord in the vertebral canal of 1 mm after supin e flexion and extension. Similarly, one normal adu lt exami ned with CT metrizamide myelography in both prone and su pin e extended positions had a 1 mm movement of the cord demonstrated at C1 and C2. Jirout 's studies imply a greater range of cord movement at the craniocervical junction, but the 15 normal patients we examin ed had no more than a 2.5 mm movement of the cord demonstrated. Extreme hyperflexion and extension of the whole cervical spin e may in crease the range of movement of the cord at th e craniocervical junction, but it was not possible to study our patients in th ese extreme positions. In the normal supin e patient the high cervical spin al cord was noted to lie in a sli ghtly anterior position in the vertebral canal on both fle xion and extension. It is probably retained in this position by the anterolaterally attached uppermost dentate ligaments [5] .
The real value of the flexion-extension technique became obvious when we examined our abnormal population. It refined the analysis of the craniocervical junction and allowed the most appropriate position for fixation to be determined when thi s operative opti on was being considered. Although caution should be exercised when using metrizamide, no compli cations are likely if its volume and concentration are low (5 ml ; 170 mg I/ dl). 
